New and facile eco-friendly approach for the synthesis of novel substituted 3H-benzo[b] [1, 4] diazepine derivatives using non-toxic basic alumina as a reusable catalyst under microwave irradiations is presented for the first time. The influence of different types of alumina as catalyst was studied. It was found that the best yield of the product was obtained with basic alumina catalyst. The best yield of the desired product was achieved using 1 mol% of the catalyst. The procedure resulted in high yields of the product, short reaction duration; operational simplicity, solvent free condition, high atom-economy and low E-factor are the salient features of the present method.
Introduction
Privileged structures have been widely used as an effective template in medicinal chemistry for drug discovery research [1] . In Chalcones, α,β-unsaturated keto group is responsible for their biological activity. On account of their potential biological activity, they have remained in the main stay as evergreen synthons in the organic synthesis of difficultly accessible heterocyclic molecules [2] , various strategies are known for the synthesis of such systems based on the formation of carbon-carbon bond formation [3] . Among them, direct Aldol condensation and Claisen-Schmidt condensation still occupy well known position. The most reported method for the preparation of chalcone makes use of the well known base catalyzed Claisen-Schmidt condensation [4] of a ketone and an arylaldehyde to produce a highly reactive β-enone unit whose potential biological activity is exploited in organic synthesis.
The potential biological activity of 1,5-benzodiazepines attracted the attention of synthetic organic chemists in the field of pharmaceutical chemistry. 1,5-benzodiazepines constitute an important class of psychopharmacopea, in particular as tranquilizer and also as potent virucides and non-nucleoside inhibitors of HIV-1 reverse transcriptase [5, 6] . Some successfully marketed 1,5-benzodiazepines include a multi-billion dollar-a-year selling of anticonvulsant and antidepressive activity drugs. Beside this, 1,5-benzodiazepines show antibacterial, anti-inflammatory and sedative activities [7] . Some of their derivatives are used as dyes for acrylic fibers in photography. Some benzodiazepines and allied derivative are known to exhibit muscle relaxant [8] , antiobesity [9] , antiulcer [10] , calcium channel blocker [11] , cholecystokinin antagonists [12] , thromboprotein receptor agonist [13] , endothelin antagonist [14] and vasopressin receptor antagonists [15, 16] activity. Some important 1,5-benzodiazepines with potential pharmaceutical activity include 3-carbamoyl-1,5-benzodiazepine i (a selective CCK-B antagonist as potential anxiolytic drug) [17] olanzapine ii and clozapine iii (for treatment of schizophrenia) [18] (Fig. 1 ). In view of diverse range of pharmaceutical as well as biological activities associated with 1,5-benzodiazepine molecule provided an impetus to us to attach a chalcone unit to this molecule on this premise that elaboration of its β-enone framework further, to other heterocycles, will result many pharmaceutically interesting heterocyclic molecule whose presence in tandem in the same molecular framework will hopefully produce a positive additive effect on the overall biological efficacy in the resulting molecules.
The development of efficient and sustainable protocol for the synthesis of target molecules through an energy efficient environmentally benign protocol is a major challenge in the pharmaceutical industries which are facing today. Green chemistry has provided new environmentally benign protocols for organic synthesis. Microwave assisted organic synthesis [19] under solvent-free conditions on a solid support, has gained popularity to conventional method of organic synthesis, in being simple in its operation, in reducing pollution, in lowering the cost, in curtailing a tedious process of purification of materials and in offering a high yield of the desired product. In consideration of such significant features of microwave assisted organic synthesis, we herein, report a very simple one pot environmentally benign, green protocol for the synthesis of novel 1,5-benzodiazepine amine/ hydroxy incorporated analogues of chalcones. Chalcones show interesting biological activities such as antimalarial [20, 21] , anticancer [22] , antibacterial [23, 24] , antifungal [25] , insecticidal [26] , anti-inflammatory [27, 28] , analgesic [29] , antioxidant [30] and cytotoxic [31] activities.
In the present communication, we undertook a dedicated attempt to construct a new poly-functionalized heterocyclic architecture bearing both these two privileged scaffolds in combination with a view to impose somewhat extended biological and material properties, by designing an efficient and eco-friendly protocol using basic alumina as catalyst (Fig. 2) . The key features of the newly developed protocol are no use of hazardous solvents, commercially available non-toxic cheap catalyst, metal-free protocol, energy-efficient, short reaction duration, no need of column chromatography, good to excellent yields of the desired products, low E-factor and high atom-economy.
Experimental
Melting points of the synthesized products were determined on electro-thermal melting point apparatus in an open glass capillaries and are reported uncorrected. The IR spectra have been recorded in KBr discs on Agilent Cary 600 FTIR spectrometer (ν max in cm −1 ) and the 1 H NMR and 13 C NMR spectra were recorded on model Bruker Avance II 400 NMR Spectrometer using CDCl 3 as solvent and TMS as an internal reference (chemical shifts are expressed in δ ppm). Mass spectra were recorded on a Jeol SX-102 mass spectrometer at 70 eV. The progress of the reactions was monitored on silica gel-G coated TLC plates using hexane:methanol (8:2 v/v). The purity of the compounds was checked by TLC on silica gel-G (CDH) plates and spots have been visualized using iodine vapors. All compounds gave satisfactory elemental analysis and spectral data. The reactions were carried out in an unmodified Microwave synthesizer (CEM Discover Model).
Synthesis of Starting Materials
The starting material 6 and 8 was in turn obtained from the cyclocondensation of o-phenylene-diamine (1) with ethylacetoacetate (2). The lactam function of the resulting 1,5-benzodiazepin-2-one (3) was converted to its 2-chloro analogue (4) on its reaction with POCl 3 + DMA (N,N-Dimethylaniline). The 2-Cl atom (an imino chloride/imidoyl chloride) is a highly reactive species known to be activated for nucleophilic attack. Its nucleophilic displacement with 2-aminoacetophenone (5) and 2-hydroxy-acetophenone (7) in a subsequent process delivered (6) and (8) (Scheme 1).
Synthesis of 3H-Benzo[b][1,4]diazepine Derivatives
An equimolar mixture of compound 8/6 (0.01 mol) and substituted aromatic aldehyde (0.01 mol) were taken in a mortar and dissolved in the minimum amount of ethanol at room temperature. 1 mol% of basic alumina was added to this and mixture was grinding with the pestle to obtain a free flowing powder of the reactants. This powder was taken in a reaction vial and was irradiated in a microwave synthesizer for a period of appropriate time. On completion of the reaction (checked by TLC on silica gel (G) plates using hexane:methanol (8:2 v/v) solvents), the mixture was 
Gram Scaled-up Synthesis of 3H-Benzo[b][1,4] diazepine Derivatives
An equimolar mixture of compound 8 (1 g, 3.423 mmol) and benzaldehyde 9a (3.49 g, 3.423 mmol) were taken in a mortar and dissolved in the minimum amount of ethanol at room temperature. 1 mol% of basic alumina was added to this and mixture was grinding with the pestle to obtain a free flowing powder of the reactants. This powder was taken in a reaction vial and was irradiated in a microwave synthesizer for a period of specified time by appropriate time. On completion of the reaction (checked by TLC on silica gel (G) plates using hexane:methanol (8:2 v/v) solvents), the mixture was cooled to room temperature and the product was extracted with ethanol (Scheme 3).
The Characterization Data of Some Selected Compounds

1-(2-((4-Methyl-3H-benzo[b][1,4]diazepin-2-yl) amino)phenyl)ethan-1-one (6)
White 
Results and Discussion
The catalytic efficiency of basic alumina, acidic alumina, neutral alumina, silica Gel 60, montmorillonite KSF, Al-Hydrotalcite, bentonite, chitosan and amorphous silica were studied and basic alumina gave the best result for the Al-Hydrotalcite (1) Solvent-free 5 48 9
Bentonite (1) Solvent-free 5 11 10 Chitosan (1) Solvent-free 8 39 11
Amorphous silica (1) Solvent-free 8 No reaction [1, 4] diazepine derivatives (Table 1) . Initially, we studied the influence of basic alumina for the synthesis of 3H-benzo[b] [1, 4] diazepine derivatives using 2-chloro-4-methyl-3H-benzo[b] [1, 4] diazepine, 1-(2-aminophenyl) ethan-1-one and 1-(2-hydroxyphenyl)ethan-1-one as a model reaction and varying the amount of catalyst for optimization ( Table 1 ). The catalyst quantity was optimized to 1 mol% of basic alumina and excellent results (94% yields) were obtained (Table 1, entry 4). Physical and analytical data of the synthesized compounds are given in Table 2 .
Reaction of a gram-scale (1 g scale) experiment was performed with the model reaction between 2-chloro-4-methyl-3H-benzo[b] [1, 4] [1, 4] diazepin-2-yl)oxy)phenyl)ethan-1-one in 92% yield in 3 min. To our delight, the experimental outcomes are almost similar with small-scale (0.25 mmol scale). In addition, the filtrate containing residual reactants, catalyst and solvent obtained from the final reaction mixture was successfully reused up to the five consecutive runs Fig. 5 . The respective desired products, 1-(2-((4-methyl-3H-benzo[b] [1, 4] diazepin-2-yl)amino) phenyl)ethan-1-one and 1-(2-((4-methyl-3H-benzo[b] [1, 4] diazepin-2-yl)oxy)phenyl) ethan-1-one were isolated in 94% and 93% yields respectively, within almost the same timeframe without no significant loss of yield of the product.
In order to calculate the green chemistry credentials of the newly developed protocol, diverse green metrics have been calculated using the well-established working formulas reported in literature [32] [33] [34] [35] [36] [37] [38] .
The calculated green credential indices include atom economy (AE), atom efficiency (AEf), carbon efficiency (CE), reaction mass efficiency (RME), optimum efficiency (OE) and E-factor. Atom economy (95.63-96.32) and atom efficiency (84. 33-90.17) for the method measures are obtained. The process shows a good profile of calculated carbon efficiency (100%). Reaction mass efficiency (94.23-100) for Ist and IInd run which is regarded as the most useful metric to determine the greenness of a process; calculations of RME also support excellent green credential of the present method. Similarly, the calculated E-factors (g/g) obtained in the range from 0.038 to 0.557 for 1st run and 2nd run, which convincingly indicate considerable green aspects of the present procedure.
Furthermore, the effect of catalyst loading on the synthesis of 3H-benzo[b] [1, 4] diazepines were studied by using the amount of catalyst of 2 mol%, 2.5 mol%, 3 mol%, 3.5 mol%, 4 mol% and 5 mol%. The yield of the product with catalyst loading is shown in Fig. 3 . From the figure, the optimum loading of catalyst for the reaction is 3 mol%, when the amount of the catalyst increases, there is no effect of yield was observed. The best catalyst loading for the reaction is 3 mol% (Fig. 3) .
In order to find out the optimum time for the reaction, a set of experiments were carried out at different time intervals viz. 1, 2, 3, 4, 5, 6 and 7. under similar reaction conditions and concluded that there is a sharp increase in the yield, at 5 min. the yield of the product reached its maximum level and no further enhancement was observed if a longer reaction time 6-8 min. was applied, so, 5 min. was selected as an optimum reaction time for the reaction (Fig. 4) .
Development of green procedure for the synthesis of two new series of benzodiazepines, no use of hazardous solvents, metal free synthesis using basic alumina as a low-cost and eco-friendly solid base-catalyst, no use of column chromatography for purification of synthesized products, developed procedure may be used for gram scale synthesis, practically no waste product and the filtered catalyst may be reused for the next cycle and excellent green chemistry credentials with high atom-economy and low-E-factor.
The calculated green credential indices include atom economy (AE), atom efficiency (AEf), carbon efficiency (CE), reaction mass efficiency (RME), optimum efficiency (OE) and E-factor are given in the Table 3 .
It is important to evaluate the recoverability and reusability of the catalyst used in the reaction. The recyclability [1, 4] oxazepin-4-yloxy)phenyl)ethan-1-one (1 mmol) and 4-methoxybenzaldehyde (1.5 mmol) employing 3 mol% basic alumina catalyst under microwave irradiation, catalyst can be recovered by simple filtration after completion of the reaction and recovered catalyst can be reused directly. The catalytic activity of the recovered catalyst was investigated for five consecutive times. The results show that there is no significant decrease in reaction yield (Fig. 5 ).
Conclusions
In the current study, a rapid eco-friendly and energy efficient protocol for the synthesis of two new series of pharmaceutical important 3H-benzo[b] [1, 4] diazepine derivatives using basic alumina as reusable catalyst under solvent free conditions has been presented. Solvent free, mild reaction condition, easy workup procedure, shorter reaction duration, good to excellent yields of the products, high atom economy, low e-factor, high turnover number, recyclability and reusability of the catalyst are the notable features of the present protocol. Moreover, present procedure can tolerate a wide range of substituents along with enhanced product purity which promises an economical as well as the environmentally benign alternative route to produce novel 3H-benzo[b] [1, 4] diazepine derivatives. 
